Comparison of Various Light Detecting Photo Sensor Structures
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PNPN junction Transistor type Pinned Photodiode
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Patent Claim in English Translation

(1) In the semiconductor substrate (Nsub), the
first region( P1) of the first impurity type is
formed, (2) on which, the second region ( N )

of the second impurity type is formed. (3) The
charge (e-) from the light collecting part (N) is

is transferred to the adjacent charge transfer
device (CTD). (4) Both are placed along the main
surface of the semiconductor substrate. (5) In the
solid stare image sensor so defined, a rectifying
Emitter junction ( Je ) is formed on the second
region (N) of the light collecting part (N) . And

(6) Collector junction ( Jc ) is formed by the
second region (N) and the first region (P1), forming
a transistor structure ( P2NP1) (7) Photo charge is
stored in the Base region (N) according to the
illuminated light intensity, and transferred to

the adjacent CTD. The solid state image sensor so
defined is in the scope of this patent claim.

Fig.6 shows that this is also the invention of
the in pixel VOD ( vertical overflow drain).
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Fig.6 shows that this is also the invention of
the in pixel VOD ( vertical overflow drain).




Definition of Pinned Photodiode

Surface Potential must be directly Pinned by the adjacent channel stop P+ region.
Otherwise the surface P+ region becomes floating by the RC delay time.
Though the surface P+ region can be connected by remote P+ channel stops,
however, it will still have the RC delay time and will be floating and NOT pinned.

Hole Accumulation Diode (HAD)
Definition of Sony HAD (PPD+VOD)

Light

I *

Japanese Patent 1975-134985 defines
the P+NP junction type dynamic photo

transistor on the substrate (Nsub).
Pinned Photodiode must have the adjacent P+ channel Stops.



Japanese Patent 1975-134985 by Hagiwara at Sony on Oct 23, 1975.
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In case of Fig.5, the P+NP junction type Pinned Photodiode with the surface P+ hole
accumulation layer that has a fixed or Pinned surface potential by the external metal
Ohmic contact. The Excess charge flow is toward the silicon surface in this case.

Light illumination direction is the opposite as the excess charge flow in case of Fig. 5.

In case of Fig. 6, Light illumination direction is the same as the excess charge flow.
The VOD is formed so that the excess charge is drained to the silicon substrate.
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Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(1) In the semiconductor substrate (Nsub),

Surface

...Main
Surface
Case(1) Front Light lllumination Case(2) Back Light lllumination



Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function
(1) In the semiconductor substrate (Nsub),

the first region( Pwell ) of the first impurity
type is formed,

Surface

...Main
Surface
Case(1) Front Light lllumination Case(2) Back Light lllumination
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Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(2) on which, the second region ( N )
of the second impurity type is formed.

Surface

Main Substrate

Surface Light
Case(1) Front Light lllumination Case(2) Back Light lllumination
Visit https://www.j-platpat.inpit.go.jp/ and type Japanese Patent Number 1975-134985



Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(3) The charge (e-) from the light collecting part (N/Pwell Junction ) is
transferred to the adjacent charge transfer device (CTD).

(4) Both are placed along the main surface of the semiconductor substrate.

Main Substrate

Surface Light
Case(1) Front Light lllumination Case(2) Back Light lllumination
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Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(5) In the solid stare image sensor so defined,
a rectifying Emitter junction ( Je ) is formed on
the second region (N) of the light collecting part (N/Pwell),

Main Substrate

."S.urface Light
Case(1) Front Light lllumination Case(2) Back Light lllumination
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Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(6) forming a P+NP Junction type transistor structure
with the N/Pwell junction as Collector junction ( Jc).

Je am
JC--
Main Substrate
Surface Light
Case(1) Front Light lllumination Case(2) Back Light lllumination
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Pinned Photodiode Patent 1975 [ sony original

HAD Sensor
Japanese Patent

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)

Built-in Vertical Overflow Drain (VOD) Function

(7) The charge, stored in the Base region (N) according to the illuminated
light intensity, is transferred to the adjacent CTD. The solid state image
sensor so defined is in the scope of this patent claim.

VOD Main

Substrate

Je..
VOD |

Ces
Je---»
Jc---»

- CTD Main Substrate
Surface Light
Case(1) Front Light lllumination Case(2) Back Light lllumination
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Fig.1 Top View of Conventional Interline Transfer CCD Image Sensor
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Fig.2 Top View of Conventional Interline Transf?er CCD_?I_mage Sensor Picture Element Cell
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Fig.3 Conventional Buried Channel CCD type MOS Capacitor Photodiode Structure
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(4) B> BB58B—46905

Fig.4 Schottky Barrier type Photodiode
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Japanese Patent 1975-134985

Hole Accumulation Diode (HAD)

Fig. 6 68 5 Pinned

562 Fig.6

Surface
Potential

g

%C: Light
r Hole Collector HAD

B Elec_tron Junction
Emitter
Junction Pinned Empty

Potential Well

Fig.6 shows that this is also the invention of the in pixel VOD ( vertical overflow drain).
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